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ABSTRACT

The solar radiation model for the Martian surface was
developed based on the images taken by the two Viking
Landers VL1 and VL2 cameras, and calculation of the solar
flux function. This model was used for the design of the
Pathfinder's photovoltaic arrays. The Pathfinder is equipped
with various instruments capable of measuring data from
which solar radiation quantities may be derived. In the
present study we use data of the Lander and Rover, and
perform correlation calculation to the solar radiation model.
This study shows that the solar radiation model predicts with
good accuracy the solar radiation on the Martian surface for
horizontal photovoltaic arrays and for an optical depth of 0.5
of the Martian atmosphere.

INTRODUCTION
The solar radiation model for the Martian surface was

developed based on images taken of the sun with a special
diode on the cameras used on the two Viking Landers VL1

and VL2in 1976; and calculation of the normalized net solar
flux function based on muitiple wavelength and muitiple
scattering of the solar radiation [1-4]. This model was used for
the design (1996) of the Pathfinder photovoltaic arrays both
for the Lander and Rover. The Pathfinder spacecraft landed
on the surface of MARS on July 4, 1997. The Pathfinder is
equipped with various instruments, including an instrument
to measure the optical depth of Martian atmosphere (IMP), a
dust experiment (MAE), temperature sensors and reference
solar cells measuring the short circuit current (I..) and open
circuit voltage (V). The verification and the refinement of
the solar radiation model for Mars is very important since
photovoltaic cells have proven their viability in the Pathfinder
mission and no doubt will be used in future missions to the
Martian surface.

PROCEDURE
The short circuit current of a calibrated reference solar

cell is a measure for the solar irradiance, assuming linear
dependence with the light intensity. The cell calibration was



performed at different light intensities and temperatures. The
measured | . of the Lander reference solar cell may be
compared to the solar radiation obtained from the solar
radiation model, after temperature and light intensity correc-
tions, to verify the model. Since dust coverage on the
reference cell reduces the short circuit current, this reduction
has also to be taken into account.

The verification of the solar radiation model may also be
performed in several other ways using different types of data
sets. In the present study we use data of the Lander and
Rover, and perform correlation calculations to the solar
radiation model. The Lander data consist of:

1. Diurnal variation of the short circuit current of the refer-
ence solar cell.

2. Diurnal variation of the temperature of Petal number 2.

3. The |, temperature-coefficient of the GaAs/Ge
reference solar cell at low temperatures,
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4. Optical depth of Mars atmosphere of 0.5 as measured
during the time of the 30 sols.

5. 0.28%/day dust coverage (Rover MAE experiment) [6].
In addition to this Lander data, we assume the albedo of the
Martian surface at the landing site to be 0.2. The Lander tilt
about 2° is neglected.

In this study we perform two types of calculations to find
the relation between the reference solar cell short circuit
current and the solar irradiance in order to verify the solar
radiation model. One type of calculation is based on the
normalized diurnal variation of the model solarirradiance and
reference cell short circuit current for the L (areocentric
longitude of the sun) corresponding to the sol number. The
second type of calculation is based on the least square
difference between the diurnal variation of the reference cell
short circuit current and the model solar radiation. A measure
for the verification is the percentage error between the daily
solar energy received by the photovoltaic array and the daily
solar energy based on the Mars solar radiation model.

RESULTS

Data of the first 30 solar days on Mars (sols) were
analyzed. Six sols (3, 5, 12, 13, 25, and 26) have the most
complete data. The verification of the solar radiation model
was performed on these sols. The corresponding period of
the 30 sols is L, = 144° to 156°. Figure 1 shows the diurnal
variation of the global irradiance on a horizontal plane for the
period Ly (144°, 145°, 148°, 149°, 155°, and 156°) corre-
sponding to the above mentioned six sols, assuming an
optical depth of 0.5. Figure 2 shows the diurnal variation of
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Figure 1.—Calculated variation of the global irradiance
on a horizontal surface as function of solar time for
Ls = 144°, 145°, 148°, 149°, 155°, and 156° and for
optical depth 0.5.
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Figure 2.—Variation of the reference solar cell short
circuit current (solid line) and the extrapolated
values (asterisk).

the reference cell short circuit current. The reference cellwas
shadowed by the meteorological mast at noon times which is
indicated by the dip, therefore extrapolation was made for
these measurements. This is shown by the asterisks.

Normalized Calculation

We compared the diurnal variation of the corrected short
circuit current of the reference cell with the solar radiation
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Figure 3.—Normalized measured short circuit current
Isc (asterisk) and model normalized irradiance (solid
line) as function of solar time for sol 3.
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Figure 4.—Ratio of the short circuit current to model
solar irradiance.

model by normalizing their values and calculating the per-
centage area difference between the two curves. This is
shown in Fig. 3 for sol 3 corresponding to L,=144°. The
percentage area difference is +2.8%, i.e., the solar radiation
model predicts with accuracy of +2.8% the daily solar radia-
tion energy (insolation} incident of a horizontal plane. For sol
26 it is +6.3%. It is now possible to calculate the ratio of the
short circuit currentto the model solarirradiance as a function
of time during the day. This is shown in Fig. 4 for sol 3.

Least Square Calculation

We compare the diurnal variation of the corrected short
circuit current of the reference cell with the solar radiation
model by the least square method of the measured and
modeled values, and calculating the area difference between
these two curves. The percentage area difference is +2.9%.

CONCLUSIONS

The solar radiation model based on the Viking Lander
missions predicts with good accuracy the solar radiation on
the Martian surface for horizontal photovoltaic arrays and for
optical depth of 0.5 of the Martian atmosphere. The verifica-
tion of the solar radiation model was performed for the first 30
sols of the Pathfinder mission and was based on correlation
calculation between the diurnal variation of the short circuit
current of the Lander reference solar cell and diurnal varia-
tion of the solar irradiance of the model. These calculations
results in a ratio of the short circuit current to the model solar
irradiance for the given reference solar cell. This ratio agrees
quite well with the calibrated coefficient of the reference cell
prior to the mission. The verification of the solar radiation
model for other opacities will be performed in the course of
the mission including refinements of different kinds.
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